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The Complexity of Formulation Science 

• Performance 

– Scientific Reliability  

– Formulation Stability & 
State of Control 

– Bioavailability/Bioequiva
lence  

– Safety, Efficacy & 
Therapeutic Equivalence  

• Processes 

– Design/Design Control 

– Characterization & 
Assessment 

– Utility of prior 
knowledge 

– Approval and 
compliance decisions  
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Issues 

• Fundamental understanding and knowledge of formulations 

• Development report describes operationally what happens but may 
not provide adequate understanding 

– Structure 

– Solid state chemistry/Solution chemistry 

– Reactions & interaction of components in the composition 

– Design and mechanism of 
operation/structure/performance/behavior/function of 
formulation  

– Examples 

• Acid-base reactions/salt switches 

• Nanoparticles – Abraxane, coated nanoparticles 

• Emulsion formulations 

• Controlled release 
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Issues 

• Specific populations; e.g., Pediatric 
formulations 

• Nuances and critical aspects of manufacturing 
and how processes influence formulations 

• Stability and potential stability issues 

• Failure modes often not fully explored 

• Frame the right questions in QbR 
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Example Complex/Problem Formulations 

• Controlled/Sustained 
Release 

– Bupropion/Wellbutrin 

– Methylphenidate/ADHD 
drugs 

• Emulsion- Based 

– Neoral 

• Nanoparticles/Abraxane 

• BCS Class 2  

– Ritonavir 

– Efavirenz 

• Failure Mode Analysis 

– Acid-base reactions in 
formulations 

– Abuse deterrent 
formulations 
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Understanding these formulations requires fundamental scientific understanding 



Neoral – microemulsion formulations 

• Neoral – a microemulsion 
formulation 

• SangCya – a non-
microemulsion 
formulation 

• QbR – Importance of QTPP 
and structure differences 
of two formulations 
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Buproprion/Wellbutrin 300 mg 
Product 

• Bupropion XL300 – 
matrix release product 
prone to dose dumping 

• Wellbutrin XL300 –
membrane technology 
releasing bupropion 
over 5 hours.  Not 
prone to dose dumping. 

• QbR – Importance of BE 
study for highest dose 
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Full 
Ad  

8 



9 



Ritonavir 

• Soft Gel – Form 2 precipitated 
• Reformulated SEC 
• Reformulated as melt 

extruded 
tablet with special surfactant –  
sorbitan monolaureate 

• QbR – importance of structure  
and manufacturing method 
(CQA) 

• Importance of CQA  - excipient 
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Abraxane 

• Structure 

• Manufacturing  
method 

• QbR - CQAs 
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Salt Disproportionation in Pioglitazone 
HCl Tablets 
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Steps to outlining a mechanism 

• Case studies 
– Analysis: What didn’t occur as it should 

have (e.g., identification of failure 
modes) 

– What if/should: Experimental research 
(e.g., evaluating options for optimal 
integration of product/process design 
with analytics)   

• Transdisciplinary synthesis 
– What: Right questions @ right time 
– How: Right questions @ right time 
– Classification systems (e.g., NTI Quality) 

and decision trees,  orthogonal 
methods  (e.g., Utility of R&D Analytics, 
QC Tests and Effective Investigations)  

• Process & system for knowledge 
acquisition & curation 
– Identify knowledge and/or resource 

gaps and process to fill these 
– Building the knowledge base 

• Deliverables (Examples) 

– Targeted white papers & 
scientific publication 

– What if/should research to 
evaluate option for optimal 
integration 

– System for transdisciplinary 
elaboration to inform  Question 
Based Review and 
recommendations on product 
specific recommendations for 
regulatory guidance 

– Training programs 

– Curated knowledge base   
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Summary 
• In their allocation of FY 2017 funding for 

regulatory science research, the FDA is urged to 
consider prioritizing efforts towards 
development of knowledge bases and standards 
to guide optimal integration of multifaceted 
scientific evidence of Therapeutic Equivalence. 

• Mechanism for such an integrated approach 
can/should include: Analysis (Looking back), 
Synthesis (Looking forward) and building of 
knowledge bases  

• Deliverables, for example, may include: 

– Targeted white papers & scientific publication 

– What if/should research to evaluate option for 
optimal integration 

– System for transdisciplinary elaboration to inform  
Question Based Review and recommendations on 
product specific recommendations for regulatory 
guidance 

– Training programs, and 

– Curated knowledge base 
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